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(54) FUEL CELL 



(57) Unit cell 1 comprises a pair of counterposed 
separators 2 and 3 and a membrane-electrode assem- 
bly (MEA) provided between the separators, IVIEA com- 
prising potymeric electrolyte membrane 5 having a pre- 
determined thickness and two reactor electrode layers 
4 and 4* each with a catalyst layer sandwiching the pol- 
ymeric electrolyte membrane, where the polymeric elec- 
trolyte membrane and spacer sheet 5a having a prede- 



tennined thickness are vertically sandwiched by a pair 
of counterposed elastic resin gasket sheets 6 and 7, 
thereby supporting MEA, and gaskets 8 and 9 of invert- 
ed V shape made from cured rubber are integrally 
fomned on the outer surfaces of the gasket sheets, re- 
spectively, and brought into tight contact with inner sur- 
faces 2a and 3a of separators 2 and 3, respectively, 
thereby attaining desired sealing. 
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Description 

TECHNICAL FIELD 

[0001] The present Invention relates to a fuel cell, 
which is an electrochemical cell capable of continuously 
converting chemical energy generated between fuel 
and an oxide to electrical energy. 

BACKGROUND ART 

[0002] Generally, a fuel cell comprises a stack of sev- 
eral tens to several hundred of unit cells laid one upon 
another to generate a large quantity of electricity, where 
each unit cell comprises a pair of counterposed current 
collector electrodes (separators) and a membrane-elec- 
trode assembly (which will be hereinafter referred to as 
l\/IEA) comprising a polymeric electrolyte membrane 
and two reactor electrode layers each with a catalyst lay- 
er sandwiching the polymeric electrolyte membrane, 
and MEA is provided between the separators. 
[0003] It is preferable that the fuel cell has smaller di- 
mensions particulariy in the thickness direction to make 
the size of the entire cell stack as small as possible. 
Thus, it is desired to reduce the thickness of the respec- 
tive constituent parts. 

[0004] For the separators, materials with an easy cur- 
rent flowability such as cartDon, metal, etc. are selected, 
and carbon is used from the viewpoint of corrosion re- 
sistance. The smaller the thickness, the better. Thus, it 
is desirable that the thickness Is not more than about 
2mm, preferably not more than 1mm. Carbon separa- 
tors of such a thickness have no elongation property and 
thus are easily breakable by excessive deformation 
such as deflection, etc. 

[0005] Positive or negative reactor electrode layer for 
use in contact with the separator is made from anticor- 
rosive porous carbon capable of passing hydrogen and 
oxygen as fuels therethrough. The reactor electrode lay- 
er has a thickness as small as about 1 mm or less, pref- 
erably about SOO^m or less, more preferably about 
300}im or less and is also porous and thus hardly with- 
stands defomnation due to compression, etc. 
[0006] Polymeric electrolyte membrane is an ion ex- 
change membrane having a thickness as small as about 
1 mm or less, preferably about 500 ^m or less, more pref- 
erably about 200)xm or less, which is even cross-linked 
and is used in a wet state (gel state). Thus, its strength 
is small. 

[0007] Materials for the unit cell constituent parts with 
such thicknesses are less elongatable and easily break- 
able by defomnatlon. Thus, rough handling during the 
cell assembling will give rise to breaking of the constit- 
uent parts. Fastening of the fuel cell with a strong force 
to obtain tight sealing will initiate breaking from the 
weaker constituent parts. 

[0008] For the individual unit cells thus fomned, it is 
required to keep the distance between the separators 



constant and prevent vaporization of water In the poly- 
meric electrolyte membrane, thereby preventing drying 
of the membrane. To obtain the necessary sealing to 
prevent drying, it has been so far proposed to use gas- 
5 kets (JP-A-7-1 53480, JP-A-7-226220. JP-A-9-231987, 
etc.), orusearubbersheetlaminated with a sponge lay- 
er as a gasket (JP-A-6-96783, JP-A-7-312223, etc.), or 
the like. 

[0009] As to the unit cell fabrication, it is desired that 
10 assembling and disassembling of cell constituent mem- 
bers can be made easily, but from the viewpoint of a 
higher power generation efficiency, assembling of unit 
ceil by curing and fixing the constituent members with 
an adhesive is a usual means somewhat at the sacrifice 
15 of assembling and disassembling workabilities. 

[0010] However, even in the case of any of the fore- 
going prior art proposed to obtain tight sealing to prevent 
drying of the polymeric electrolyte membrane, number 
of process steps, etc. is considerably increased, result- 
^ ing in inevitable cost increase, or the resulting fuel cell 
could not always maintain satisfactory effects through- 
out the service life. Furthermore, the usual means of as- 
sembling the constituent members of unit cell by curing 
and fixing with an adhesive can attain desired effects 
25 only for the initial period, but once the cell members are 
deteriorated after long service, there will be a difficulty 
in exchanging the deteriorated members as inconven- 
ience. 



[0011] An object of the present Invention is to provide 
a fuel cell capable of maintaining a stable power gener- 
ation efficiency by attaining desired seating of unit cells, 

35 thereby preventing drying of a polymeric electrolyte 
membrane, with distinguished assembling and disas- 
sembling workabilities, easy exchange of deteriorated 
constituent members, and considerable reduction in 
production cost. 

40 [0012] The present fuel cell comprises a stack of a 
plurality of unit cells laid one upon another, where the 
unit celt comprises a pair of counterposed separators, 
and a membrane-electrode assembly comprising a pol- 
ymeric electrolyte membrane and two reactor electrode 
layers each with a catalyst layer sandwiching the poly- 
meric electrolyte membrane, the membrane-electrode 
assembly being provided between the separators and 
sandwiched and supported between and by a pair of 
counterposed resin gasket sheets, and gaskets of in- 

50 verted V-shape made from cured rubber are integrally 
fomned on outer surfaces of the gasket sheets or inner 
surfaces of the separators, respectively, and brought in- 
to tight contact with the inner surfaces of the separators 
or the outer surfaces of the gasket sheets, respectively, 

55 thereby attaining desired seating. 

[0013] In the foregoing structure the membrane-elec- 
trode assembly can be supported by a pair of the gasket 
sheets, and thus the membrane-electrode assembly 
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can be easily and exactly positioned while keeping the 
specific pressure constant in the unit ceil fabrication, 
thereby considerably improving the working efficiency 
and handling in the unit cell assennbling. Desired sealing 
can be attained between the separators by the gaskets 
and maintained stably even if the fuel cell is used as 
long as its service life. That is, drying due to vaporization 
of water in the polymeric electrolyte membrane can be 
prevented and stable power generation efficiency can 
be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] 

Fig. 1 is a vertical cross-sectional view showing the 
essential part of a unit cell according to a first em- 
bodiment of the present invention. 
Fig. 2 is a vertical cross-sectional view showing the 
essential part of a unit cell when assembled Into a 
fuel cell. 

Fig. 3 is a vertical cross-sectional view showing the 
essential part of a unit cell according to such a case 
that the gaskets are fonned between pinching parts 
of the gasket sheets and a spacer. 
Fig. 4 Is a vertical cross-sectional view showing the 
essential part of a unit ceil according to such a case 
that the gaskets are formed on Inner surface of the 
separators, respectively. 

Fig. 5 is a vertical cross-sectional view showing the 
essential part of a unit eel! according to a second 
embodiment of the present invention. 
Fig. 6 shows an Inverted mode of positional relation 
between the spacer and the gaskets in the embod- 
iment of Fig. 5. 

Fig. 7 shows a mode of fomriatlon of the spacer and 
the gaskets on inner surfaces of the separators, re- 
spectively, in the embodiment of Fig. 6. 

BEST I^ODE FOR CARRYING OUT THE INVENTION 

[001 5] Embodiments of the present fuel cell will be de- 
scribed in detail below, referring to drawings. 
[0016] Fig. 1 is a cross-sectional view showing a first 
embodiment of a unit cell, which constitutes a fuel cell 
by stacking several tens to several hundred of the unit 
cells. Unit cell 1 comprises a pair of counterposed sep- 
arators 2 and 3 of flat rectangular shape and a mem- 
brane-electrode assembly (ME A) of likewise flat rectan- 
gular shape comprising a polymeric electrolyte mem- 
brane 5 and two reactor electrode layers 4 and 4* each 
with a catalyst layer on surface of or within the reactor 
electrode layer, the polymeric electrolyte membrane be- 
ing sandwiched between the reactor electrode layers 
and MEA being provided between separators 2 and 3. 
[0017] MEA is supported by polymeric electrolyte 
membrane 5 of flat rectangular shape extruded to a suf- 
ficient distance from the outer peripheral edge of MEA. 



Extruded peripheral part 5' of polymeric electrolyte 
membrane 5 is vertically pinched and lightly supported 
by inner peripheral pinching parts 6' and T of a pair of 
counterposed elastic resin gasket sheets 6 and 7 of rec- 
5 tangular frame shape together with spacer sheet 5a of 
e.g. frame or long and narrow plate shape with a prede- 
temnined size. That is, MEA is vertically supported in a 
pressed state by a pair of gasket sheets 6 and 7 through 
extruded peripheral parts 5' of polymeric electrolyte 
membrane 5 and spacer sheet 5a, where the distance 
between inner peripheral pinching parts 6' and 7' , I.e. 
the distance between overhanging inner peripheral 
edge parts of gasket sheets 6 and 7, is made smaller 
than the thickness of polymeric electrolyte membrane 
5, thereby enabling supporting of extruded peripheral 
part 5' . 

[0018] Gaskets 8 and 9 of Inverted V-shape cross- 
section molded from cured rubber are integrally formed 
on the outer surfaces near outer peripheral edge parts 
of gasket sheets 6 and 7, respectively. By bringing gas- 
kets 8 and 9 into tight contact with inner surfaces 2a and 
3a of separators 2 and 3, desired sealing can be ob- 
tained, thereby preventing vaporization of water in the 
polymeric electrolyte membrane of MEA. Gaskets can 
be also fomied on the inner surfaces of separators, re- 
spectively. 

[001 9] The gaskets of inverted V-shape cross-section 
are made with such dimensions as base width : about 
1- about 3mm and total height: about 0.3-about 1 .5mm. 
To make the gasket apex Into an inverted V-shape Is to 
makes smaller a contact area with the counter seal sur- 
face (surface to be sealed), thereby attaining desired 
sealing with a smaller fastening force. It Is preferable to 
set a vertical angle of the gasket apex to about 40<* - 
about 60 ' for improving the sealing. Furthemiore, soft 
materials with a hardness (JIS A) of 60 or less are used 
for the gaskets, and thus unifonn and compatible seal- 
ing of the counter seal surfaces can be attained with a 
smaller fastening force. Such secure sealing can effec- 
tively prevent leakage of water vapor or liquids from the 
inside to the outside of the cell. 
[0020] Gaskets of low-hardness materials with small 
base width and height are not stable in the shape as 
single pieces and are very hard to handle in the assem- 
bling and also hard to accurately provide in desired po- 
sitions, and thus are integrated with gasket sheets, re- 
spectively, to reinforce the soft gaskets and facilitate 
their handling. 

[0021] By using the integrated members of gasket- 
gasket sheet, unit cells can be fabricated stepwise. At 
first, two Integrated members of gasket-gasket sheet 
are counterposed to each other so that the gaskets can 
face each other, and the extruded peripheral part of a 
polymeric electrolyte membrane Is Inserted Into be- 
tween the inner peripheral pinching parts of the frame- 
shaped rectangular gasket sheets, followed by heat 
welding, thereby integrating the integrated members 
with MEA. Spacer sheet can be inserted into between 
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the gasket sheets at the same time. Then, the resulting 
Integrated assembly is sandwiched between two upper 
and lower separators to lom a unit cell. 
[0022] The unit cells thus fomned are stacked together 
in an accurate position without any damage to the reac- 5 
tor electrode layers, polymeric electrolyte membrane 
and gaskets, each with low strength. 
[0023] The fuel cell of the foregoing structure accord- 
ing to the present embodiment has following effects. 
MEA is supported by two welded gasket sheets through 
polymeric electrolyte membrane 5 and spacer sheet 5a, 
and thus in each unit cell assembling, MEA can be easily 
and accurately positioned while keeping the specific 
pressure constant, thereby increasing the workability 
and handling efficiency considerably in the unit cell as- 
sembling. Desired sealing can be attained between sep- 
arators 2 and 3 by gaskets 8 and 9 and thus the sealing 
can be stably maintained therebetween even for a long 
service period of fuel cell, thereby preventing drying due 
to vaporization of water in the polymeric electrolyte 
membrane and ensuring stable power generation effi- 
ciency. 

[0024] Furthermore, gasket sheets 6 and 7 and spac- 
er sheet 5a have predetermined thicknesses, respec- 
tively, and thus upper and lower separators 2 and 3 can 
be maintained at a constant distance therebetween 
even if the gasket sheets and the spacer sheet are sand- 
wiched between the upper and lower separators, there- 
by preventing IVIEA of fragile materials from breaking. 
[0025] Fig. 2 is a vertical cross-sectional view show- 
ing the essential part of sealed unit cell when assembled 
into a fuel cell. In the unit cell assembling, inner periph- 
eral edge parts 6a and 6b (corresponding to overhang- 
ing Inner peripheral pinching parts 6' and 7' , respective- 
ly) are welded or-heat welded together so as to pinch 
extruded peripheral part 5' of the polymeric electrolyte 
membrane, and also undeformed parts of the counter- 
posed gasket sheets between 6b-7b and 6c-7c are 
welded together. For the gasket sheets, polyester films, 
polyamide films, polyimide films, polyethylene naphtha- 
late films, etc. having a thickness of about 1 mm or less, 
preferably about 200|im or less, more preferably about 
50p.m or less, can be used. 

[0026] The present invention will be described below, 
referring to a specific example. 
[0027] To support MEA, polymeric electrolyte mem- 
brane 5 having a thickness of 0.2mm and stainless steel 
spacer sheet 5a having a thickness of 0.7mm were 
used. Polymeric electrolyte membrane 5 was punched 
to a desired shape, and the extruded peripheral part of 
polymeric electrolyte membrane 5 from MEA was 
pinched by the Inner peripheral edge parts of the gasket 
sheets and heat welded together with the spacer sheet, 
thereby attaining integration. 
[0028] As materials for fomiing gasket sheets 6 and 
7, a polyester film (Dia foil S 1 00-1 00, product made by 
Mitsubishi Chemical Corp.) was used. The film was 
punched into a frame shape of desired size. 



[0029] Furthermore, gaskets 8 and 9 were integrally 
molded on the outer surfaces of gasket sheets 6 and 7 
near the outer peripheral edge parts, respectively, by in- 
jection molding or LIM molding. As cured rubber as ma- 
terials for molding gaskets 8 and 9, rubber with an ad- 
hesiveness to the thennoplastic resin film can be pref- 
erably used. Any cured rubber can be used as materials 
for molding gaskets 8 and 9, so long as it has a hardness 
(JIAA) of 60 or less, preferably 20-40 and so long as it 
can attain the desired sealing. 
[0030] Besides rubber of ordinary type, liquid rubber 
can be also used forthe rubber. Rubber of ordinary type 
for use in the gaskets includes, for example, highly sat- 
urated type rubbers such as ethylene-propylene-based 
mbber, fluororubber, hydrogenated nitrile rubber, etc., 
highly saturated type thermoplastic elastomers such as 
hydrogenated styrene-butadiene copolymer, hydrogen- 
ated styrene-isoprene copolymer, etc., and so on. Liquid 
rubber includes, for example, liquid silicone rubber, liq- 
uid nitrile rubber, liquid ethylene-propylene-based rub- 
ber, liquid fluoro rubber, etc. The oibber is used as inte- 
grated with sheets with a low strength, such as separa- 
tors, electrodes, polymeric electrolyte membrane, etc., 
and thus liquid rubber moidable under low pressure can 
be preferably used. 

[0031] One mode of using liquid rubber as materials 
for molding gaskets 8 and 9 is given below. Liquid sili- 
cone rubber with a hardness of 5,000-10,000 Pa»s 
(as^'C) before curing and a hardness (JIS A) of 40 after 
curing (X-34-1277 A/B, product made by Shin-Etsu 
Chemical Co., Ltd.) was integrally molded into gaskets 
8 and 9 on the outer surfaces of gasket sheets 6 and 7 
near the outer peripheral edge parts, respectively, by us- 
ing a mold heated at ^AO''C and retaining the liquid sil- 
icone rubber therein for 150 seconds. 
[0032] Fig. 3 shows a case of gaskets 8 and 9 formed 
between inner peripheral pinching parts 6' and 7' of gas- 
ket sheets and spacer sheet 5a, where gasket sheets 6 
and 7 and separators 2 and 3 are pressed by gaskets 8 
and 9 to attain sealing, and thus acid transfer from pol- 
ymeric electrolyte membrane 5 towards spacer sheet 5a 
can be effectively prevented, thereby preventing corro- 
sion of spacer sheet 5a by acid. 
[0033] Fig. 4 shows another case of gaskets 8 and 9 
fonned on inner surfaces 2a and 3a of separators 2 and 
3, respectively, where conrosion of the spacer sheet by 
acid can be prevented. 

[0034] Fig. 5 is a cross-sectional view of the essential 
part of unit cell 10 according to a second embodiment 
of the present invention, where common members to 
those of unit cell 1 according to the first embodiment of 
the present invention are identified by the same refer- 
ence numerals. 

[0035] In the case of unit cell 10 of the second em- 
bodiment, gasket sheets 11 and 12 of different shape 
from that of gasket sheets 6 and 7 of the first embodi- 
ment are used, and spacer sheets 13 and 14 of L- 
shaped cross-section having predetemnined dimen- 
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sions are provided on the outer peripheral edge parts of 
gasket sheets 11 and 12, respectively. Gaskets 15 and 
1 6 are integrally molded thereon so as to fix spacer 
sheets 13 and 14. 

[0036] The embodiment will be described below, re- 
ferring to a specific example. 

[0037] To indirectly support MEA, polymeric electro- 
lyte membrane 5 having athickness of 0.2mm and stain- 
less steel spacer sheets 13 and 14 each having athick- 
ness of 0.35mm were punched to desired rectangular 
shape and frame shape, respectively, and extruded pe- 
ripheral part 5' of polymeric electrolyte membrane 5 
from MEA was pinched by the inner peripheral edge 
parts of the gasket sheets with the spacer sheets fixed 
by the gaskets and heat welded, thereby attaining Inte- 
gration. 

[0038] As resin materials forf onDing gasket sheets 1 1 
and 12, a polyester film (Dia foil S 100-100) was used. 
The film was punched into a frame shape of desired 
size. 

[0039] Furthemnore, gaskets 1 5 and 1 6 were integral- 
ly molded on the surfaces of gasket sheets 11 and 12 
near the outer peripheral edge parts thereof, respective- 
ly, from the same material in the same procedure as 
used in the first embodiment. 

[0040] Fig. 6 shows a case where the positional rela- 
tionship of spacer sheets 1 3 and 1 4 and gaskets 1 5 and 
16 is Inverted. With the an-angement of Inverted posi- 
tional relationship, the spacer sheets will have less 
chances of exposure to acid from polymeric electrolyte 
membrane 5 and thus problems of spacer sheet corro- 
sion will be hardly encountered. 
[0041] Fig. 7 shows a case where spacer sheets 13 
and 14 and gaskets 15 and 16 irithe Inverted positional 
relationship of the case of Fig. 6 are provided on Inner 
surfaces 2a and 3a of separators 1 5 and 1 6, respective- 
ly. 



Claims 

1. A fuel cell, which comprises a stack of a plurality of 
unit cells laid one upon another, the unit cell com- 

5 prising a pair of counterposed separators and a 
membrane-electrode assembly comprising a poly- 
meric electrolyte membrane and two reactor elec- 
trode layers each with a catalyst layer sandwiching 
the polymeric electrolyte membrane, the mem- 

10 brane-electrode assembly being provided between 
the separators, characterized in that the mem- 
brane-electrode assembly is sandwiched and sup-- 
ported between and by a pair of counterposed resin 
gasket sheets and gaskets of inverted V-shape 

IS made from cured rubber, are integrally fonned on 
outer surfaces of the gasket sheets or Inner surfac- 
es of the separators, respectively, and brought into 
tight contact with the inner surfaces of the separa- 
tors or the outer surfaces of the gasket sheets, re- 

20 spectlvely, thereby attaining desired sealing. 

2. A fuel cell according to Claim 1 , wherein the poly- 
meric electrolyte membrane having a predeter- 
mined thickness is extruded outwardly from the pe- 

25 ripheral edge of the membrane-electrode assembly, 
and the extruded peripheral part of the membrane- 
electrode assembly is pinched by a pair of the coun- 
terposed gasket sheets, thereby supporting the 
membrane-electrode assembly, while maintaining 

30 the separators at a predetermined distance there- 
between. 

3. A fuel cell according to Claim 2, wherein the extrud- 
ed peripheral part of the polymeric electrolyte mem- 

35 brane Is pinched by overhanging inner pinching 
edge parts of a pair of the counterposed gasket 
sheets. 



INDUSTRIAL APPLICABILITY 

[0042] In the present fuel cell, the membrane-elec- 
trode assembly (MEA) Is supported by a pair of gasket 
sheets and thus the membrane-electrode assembly can 
be easily and exactly positioned while keeping the spe- 
cific pressure constant in the unit cell fabrication, there- 
by considerably improving the woricabillty and handling 
efficiency in the unit cell assembling, further with distin- 
guished assembling and disassembling wori<abllities, 
easy exchange of deteriorated constituent members, 
and considerable reduction in production cost as advan- 
tages. 

[0043] Furthemnore, desired sealing can be attained 
between separators by gaskets and maintained stably 
even If the fuel cell is used as long as its service life. 
That is, drying of the polymerb electrolyte membrane 
due to vaporization of water therein can be prevented 
and stable power generation efficiency can be obtained. 



4. A fuel cell according to Claim 1 , wherein a spacer 
40 sheet having a predetennined thickness Is Inserted 

and held between a pair of the counterposed gasket 
sheets. 

5. A fuel cell according to Claim 4, wherein the spacer 
45 sheet is provided between the inner peripheral 

pinching edge parts of the gasket sheets and the 
gaskets. 

6. A fuel ceil according to Claim 4, wherein the gaskets 
50 are fonned between the inner peripheral pinching 

edge parts of the gasket sheets and the spacer 
sheet. 

7. A fuel cell according to Claim 1 , wherein the gaskets 
55 are integrated with the gasket sheets, respectively. 

8. A fuel cell according to Claim 1 , wherein the gaskets 
are integrally fomned together with spacers, respec- 
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tively. 

9. A fuel cell according to Claim 1 , wherein the gaskets 
are made from cured rubber having a hardness (JIS 

A) of 60 or less. s 

10. A fuel cell according to Claim 9, wherein the cured 
rubber is a cured product of liquid silicone rubber, 
liquid nitrile rubber, liquid ethylene-propylene- 
based rubber or liquid fluororubber. io 
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